The prevalence of hepatitis C in Iran is 1% and 18% in general population and thalassemia patients respectively. The cost effectiveness analysis of adding Ribavirin to Peginterferon alfa-2a (PEG IFN alfa-2a) as a combination treatment strategy of chronic hepatitis C in thalassemia patients in comparison with monotherapy could help clinicians and policy makers to provide the best treatment for the patients. Objectives: In this study we aimed to assess whether adding Ribavirin to PEG IFN alfa-2a is a cost effective strategy in different genotypes and different subgroups of 280 patients with chronic hepatitis C infection from the perspective of society in Iranian setting.
Background
Infection with hepatitis C virus (HCV) could end up with both acute and chronic hepatitis. Although acute infection rarely causes hepatic failure but in 75 -85 percent of cases it would be developed to chronic infection (1) . Chronic HCV infection is usually slowly progressive and in most of patients may not result in clinically apparent liver disease; however, cirrhosis would occur in approximately 20 -30 percent of chronically infected patients over 20 -30 years. The prevalence of hepatitis C varies between different regions but the World Health Organization (WHO) has estimated the number of chronically infected hepatitis C patents around 150 million globally (2) which is consistent with other studies (3) . Its prevalence in Iran is less than 1% in general population (4) . The prevalence of chronic hepatitis C infection in patients with beta thalassemia major is 18%, particularly because of blood transfusion before HCV serological testing (1, 5) .
Hepatitis C imposes considerable burden to the glob-al healthcare system in both acute and chronic forms. Global disability adjusted life years (DALYs) per 100,000 population in 2010 in comparison with 1990 has been estimated to have 44.4% growth in acute hepatitis C and also 21.3% and 1.9% growth in liver cancer and cirrhosis of the liver secondary to hepatitis C, respectively (6) . This disease also reduces the quality of life in patients (7) . Treatment with antiviral agents could eradicate the virus in the serum and hepatocytes. There are several regimens to treat chronic hepatitis C. Most recently, pegylated interferon (PEG-IFN) as a new generation IFN has shown improvement in response rate (8) . Pegylation of IFN also extends the half-life of medicine from a few hours to several days, therefore the injection intervals is decreased from 3 times a week to only once a week (9) which could increase patients' compliance. Peginterferon alfa-2a (PEG IFN alfa-2a) and peginterferon alfa-2b are the two types of PEG-IFN which are both approved by the US Food and Drug Administration (FDA) in treatment of hepatitis C which are different in some structural and pharmacokinetic characteristics (10) as well as effectiveness properties (11) (12) (13) (14) (15) . Combination (or dual) therapy with PEG-IFN plus Ribavirin as an antiviral medicine has shown a promising effectiveness and also acceptable compliance in many studies (16) , and also in Iranian patients (17) . In spite of availability and utilization of these medical treatments in Iran, there is not any published economic evaluation to compare these alternatives from Iranian perspective.
Objectives
In this study, we aimed to analyze the cost effectiveness of treatment with PEG IFN alfa-2a plus Ribavirin in comparison with PEG IFN alfa-2a alone in hepatitis C infected thalassemia patients in Iran.
Patients and Methods
We developed a decision analytic model to assess the cost and effectiveness of two available treatment strategies which are:
1. Weekly subcutaneous injection of PEG IFN alfa-2a (Pegasys).
2. Weekly subcutaneous injection of PEG IFN alfa-2a plus daily use of Ribavirin oral tablets (see Figure 1) .
The society was used as perspective of study. To develop decision tree model and all analysis, we used Tree Age Pro 2011 and Microsoft Excel 2007.
Patients and Treatment Strategies
This model was designed and run for a hypothetical cohort of 100 thalassemia major patients with diagnosis of chronic hepatitis C infection. Combination treatment strategy was defined as receiving 180 microgram The square at the root is the decision node; circles depict chance nodes and triangles are terminal nodes.
(μg) of PEG IFN alfa-2a, subcutaneously once a week in combination with oral Ribavirin (600 -800 mg per day based on patients' hemoglobin level). In this strategy, patient with genotype-1 infection would be treated for 48 weeks and the other genotypes for 24 weeks. Monotherapy strategy was defined as receiving 180 μg of PEG IFN alfa-2a for 48 weeks.
A baseline viral load would be obtained from patients before beginning the treatment. In genotype-1 patients, the viral load test would be repeated after three months of therapy and compared with the baseline. In patients with complete Early Virological Response (EVR), indicating no detectable HCV RNA, or partial EVR, indicating at least a two log reduction from baseline viral load, the treatment would be continued because there is a high probability of success at the end of treatment course. In other patients who do not achieve complete or partial EVR, treatment success is highly unlikely, therefore treatment would be stopped because of potential adverse effects and costs and very low probability of success at the end. For partial responder patients, this procedure would be repeated again in sixth month and for patients without complete EVR at sixth month, treatment would be discontinued. Checking EVR would be less useful in geno-types non-1 due to the shorter treatment course and higher response rates. So treatment of genotype-1 patients would be discontinued at third month for patients in the category of no response, and at sixth month for partial responders who do not achieve complete response. More details about the treatment strategies are represented elsewhere (18).
Data Sources for Decision Tree Model

Effectiveness and Outcomes of Interest
All effectiveness and safety data including different probabilities were extracted from a domestic clinical trial, conducted in Baqiyatallah University of Medical Sciences in 2007 which was about combination treatment of HCV in 180 thalassemia major patients (18) . We did not use any international evidence, mostly because of less similarity with real situation of Iranian setting of treatment. The time period of this model was until the end of follow up course, which was 72 weeks in most of the patients so the longer time side effects were not taken into account. In this study the patients were categorized regarding three parameters: HCV genotype (genotype-1 and non-1), previous treatment outcome (naïve, resistant to previous monotherapy and resistant to combination therapy), and the basic viral load (low viral load (< 600,000 IU/mL) and high viral load (> 600,000IU/mL).
Final outcome was divided into sustain responder (SVR+) and sustain nonresponder (SVR-). Sustain Virological Response (SVR) is defined as no detectable viral level (the absence of hepatitis C RNA) after six months from completion of therapy (success) (19) , and Sustain nonresponder (failure) consist of five situations including response then relapse (detected HCV RNA after treatment course), withdrawal (stopped treatment due to adverse effects or no response), no response (positive HCV RNA in all duration of treatment course), breakthrough (relapsed before the end of treatment course), death (death during treatment course).
As proportion of genotype-1 in naïve subgroup (no previous treatment) was not similar to Iranian population, and both cost and effectiveness outcomes are strongly dependent to genotype distribution of patients, comparing these two strategies in this subgroup was not relevant and valuable, therefore we did not calculate and report cost effectiveness ratios for this subgroup. Patients with genotype-1 virus, who consist about 66% of these patients population in Iran, have a much lower probability of SVR than those patients with non-genotype-1 virus (20).
Cost
In this model, only direct medical costs including medication (pharmaceutical) costs, laboratory tests, costs of side effects treatment and physician visits were taken into account and direct non-medical costs, indirect costs and intangible costs were not included in our analysis. Costs of physician visit charges and laboratory tests were extracted from the annual report of Medical Council of Islamic Republic of Iran. Costs of medicines were extracted from the Ministry of Health annual report on pharmaceutical market entitled "Amarnameh." To include side effect costs into our analysis, we only took physician visits and major medical and laboratory tests into account and the pharmaceutical cost were ignored because their costs were not considerable. The cost analysis was based on cost data for 2008. We also used 9300 Iranian Rials (IR Rial) as exchange rate declared by the Iranian central bank on that time to calculate costs by US Dollar (USD). No discount rate was considered in the cost analysis of this study.
Considering the genotype distribution of different subgroups in the patients, the weighted mean cost for each subgroup and also weighted mean cost of 100 patients were calculated.
Cost Effectiveness Ratios
Two cost effectiveness ratios were calculated based on our decision tree: cost effectiveness ratio (CER) which means cost per one SVR and indicates superiority of one strategy to the other one for cost effectiveness; and incremental cost effectiveness ratio (ICER) which means cost per one more SVR. To evaluate whether one strategy with more cost and more effectiveness or with less cost and less effectiveness is cost effective, we compared the ICER with recommended threshold of the World Health Organization (WHO) for countries without any calculated threshold. In this method, ICER has to be compared with one and three times of GDP per capita and if it was less than one time of GDP per capita, it would be "highly cost effective" and if it was between one time and three times of GDP per capita it would be "cost effective", but if it was more than three times of GDP per capita, it is "non-cost effective" (21). 4,678 USD was used as GDP per capita of Iran in 2008 based on the World Bank reports. This recommendation of WHO about threshold is mostly for cost utility analysis with "cost per QALY gained" or "cost per DALY averted" as outcome but as there is not any threshold calculated or accepted for Iran, we used it as our threshold.
Sensitivity Analysis
A deterministic one-way sensitivity analysis was conducted to evaluate the sensitivity of the result to the changes in key input variables of the model. The considered key variables in this study were SVR and Positive Predictive Value (PPV) of EVR for combination therapy. PPV of EVR is defined as the proportion of EVR patients (complete or partial) with treatment success at the end of study. PPV could be associated with several internal and external parameters including sensitivity and specificity of laboratory tests, pretest probability, quality of medicines, HCV genotype and patients characteristics. By considering the minimum domain of 95% confidence interval of SVR and PPV, the ICER and also CER would be calculated to see how much the results of our model is dependent to variability of key input parameters regarding their uncertainties.
Results
SVR and PPV were calculated for two treatment strategies which are showed in the Table 1. As seen in this table, PPV is clearly higher in combination therapy strategy for all subgroups. This means that higher percent of monotherapy group patients, would not achieve SVR and higher cost for each SVR would be imposed to healthcare system and patients. Table 2 indicates the cost of different components of HCV treatment in thalassemia major patients in Iran. As it is shown, there is not any considerable difference in medication (pharmaceutical) costs between these two treatment strategies in Iran because Ribavirin is far less expensive than PEG IFN alfa-2a. The outcomes of cost effectiveness analysis were calculated for combination and monotherapy strategies in the time period of 72 weeks and are summarized in Table 3 . Patients with genotype-1: the CER for monotherapy and combination therapy was 59,934 and 37,058 USD per SVR, respectively. So combination therapy with PEG IFN alfa-2a
and Ribavirin needed less cost to achieve SVR. The calculated ICER for combination therapy was 2,673 USD per SVR that is less than GDP per capita. It means that, adding Rib-avirin to PEG IFN alfa-2a could be considered as "highly cost effective" strategy in genotype-1 patients.
Patients with genotype non-1: CER for monotherapy and combination therapy was 24,668 and 23,973 USD per SVR, respectively. So combination therapy with PEG IFN alfa-2a and Ribavirin needed less cost to achieve SVR. But ICER for combination therapy was 19,210 USD per SVR which was higher than three times of GDP per capita implying that adding Ribavirin to PEG IFN alfa-2a does not seem to be a "cost effective" strategy for these genotypes in Iran.
Low basic viral load: CER for monotherapy and combination therapy was 39,263 and 29,503 USD per SVR, respectively. So combination therapy with PEG IFN alfa-2a and Ribavirin needed less cost to achieve SVR. The ICER for combination therapy was 5,233 USD per SVR that was lower than three times per capita GDP. So adding Ribavirin to PEG IFN alfa-2a could be "cost effective."
High basic viral load: CER for monotherapy and combination therapy was 38,300 and 35,173 USD per SVR, respectively. So combination therapy with PEG IFN alfa-2a and Ribavirin needed less cost to achieve SVR. But ICER for combination therapy was 14,975 USD per SVR which was higher than three times of GDP per capita so adding Ribavirin to PEG IFN alfa-2a could not be considered as a "cost effective strategy." Naïve patients: In this subgroup, the proportion of genotype-1 patients in the sample was not similar to society so we could not compare two strategies because of different duration of treatment and useless result for policy makers in Iran.
Resistant to previous monotherapy: CER for monotherapy and combination therapy was 40,413 and 32,141 USD per SVR, respectively. So combination therapy with PEG IFN alfa-2a and Ribavirin needed less cost to achieve SVR. The ICER for combination therapy was 13,005 USD per SVR which was lower than three times per capita GDP so adding Ribavirin to PEG IFN alfa-2a in this category of patients is a "cost effective" strategy in Iran.
Resistant to previous combination therapy: In this subgroup, combination therapy was a dominant strategy meaning that it had more effectiveness and less cost compared to monotherapy which did not need any economic evaluation.
Sensitivity Analysis
For sensitivity analysis, we calculated the ICER with the minimum amount of SVR and PPV in their 95% confidence interval. In minimum amount of PPV, combination therapy in genotype non-1 would be dominated and ICER in all other groups would be higher than three times of GDP per capita. In minimum amount of SVR in 95% confidence interval, combination therapy in genotype non-1 and high viral load subgroups would be dominated and in all other subgroups ICER would be higher than three times of GDP per capita. In Table 4 , the calculated CER and ICER with minimum amount of SVR and PPV in several subgroups are shown. 
Discussion
This study indicated that although in all subgroups, combination therapy was more effective than monotherapy, but combination therapy of HCV in thalassemia major patients could be considered as a "highly cost effective" strategy only in genotype-1 patients and as a "cost effective" strategy in low basic viral load patients and also in patients with previous resistance to monotherapy. It was shown that in patients with previous resistance to combination therapy, it is a dominant strategy to put them therapy again in comparison with monotherapy.
The other studies comparing monotherapy and combination therapy regimens in hepatitis C patients have shown that combination therapy is the most cost effective treatment in the patients with genotypes 2, and 3 and low viral load patients (21) (22) (23) (24) ; however, our study indicated that in HCV infected thalassemia major patients it was for the patients with genotype-1 and low viral load patients and previous monotherapy resistant patients. One limitation of our study was that the proportion of genotype-1 was not similar to HCV infected thalassemia major population of Iran in naïve subgroup; therefore we were not able to generalize the result of this study to Iranian setting whether combination therapy is cost effective in this subgroup. As this is an applied study to be used only by policy makers in Iran, we decided not to calculate and report the ICER for this subgroup.
This analysis was based on the clinical trial evaluating both monotherapy and combination therapy group with the same inclusion criteria. As the types and severity of adverse events experienced by patients who were exposed to PEG IFN alfa-2a and Ribavirin might be varied, we tried to include consideration of adverse events which could be resulted from treatment in the analysis. Using clinical data from a domestic clinical trial could be considered as an advantage for this study because of more similarity with real setting of Iran, but has its own weaknesses. One limitation was that only one domestic clinical trial was found which was not multicenter, however we tried to overcome this limitation by sensitivity analysis. The number of patients in this clinical trial was also another limitation especially when we categorized them into subgroups which caused relatively wide 95% confidence interval. Another limitation of this study was that we did not take patients' quality of life into consideration. In one study evaluating the effects of PEG IFN alfa2a plus Ribavirin in patients with chronic hepatitis C on their quality of life, the results indicated that quality of life of these patients was significantly improved (25) . Using more comprehensive outcome of interest (i.e. quality adjusted life years (QALY) or disability adjusted life years (DALY)) could provide better understanding about different aspects of disease and treatment effects. Also using more complicated decision support models including Markov models which consider more details of disease could result in more accurate output for policy makers.
This study was based on cost data of 2008, so considering much market variability in the health sector of Iran in the last years, the results may not be easy to defend in 2013. However it is a challenge over economic evaluation studies in the countries with rapidly changing or unstable economic situation.
Although both medicines are available in Iran, this study is the first economic evaluation of two common treatment strategies for HCV infection in thalassemia patients. The results of this analysis could be used by policy makers in setting reimbursement strategies and guideline development. More analysis is suggested to be conducted by considering more domestic and also international evidences, using more complicated models and more comprehensive outcomes and perspective for more accurate results. This study indicated that adding low dose of Ribavirin to PEG IFN alfa-2a for treatment of chronic hepatitis C infection in thalassemia is highly cost effective in genotype-1 patients and also cost effective in patients with low viral load or with previous monotherapy resistance. But in patients with genotype non-1 or high viral load, adding Ribavirin to PEG IFN alfa-2a could not be considered as a cost effective strategy.
